Introduction
Cryosurgery is a method that uses low temperatures as a form of therapy providing several advantages in the treatment of locally aggressive lesions, mainly by non-complexity manner of implementation of the cryosurgical method, and the fact of preserving a non-pathological remaining bone, which can be devitalized without the need of surgical resection, besides serving as a recipient site for bone grafts 1 . Furthermore, it is described in the literature that this treatment compared to radical surgical techniques, allows a greater chance of preservation of vital structures, particularly the inferior alveolar nerve 2 .
The basic technique of surgical cryotherapy requires rapid cooling, followed by a slow thaw period, as well as repeating the process to maximize tissue destruction 3 . The two main recognized methods are a closed system, using probes, and an open system, which may be either spray or through the aid of cotton swabs 4 . The techniques employing liquid nitrogen through the closed system are due to direct contact between the probe tip and the target tissue offering a greater temperature control and greater penetration of freezing 5 .
Was recently published a study that described the main morphological findings of cryosurgery on cortical bone in a rat experimental model 6 . Given the importance of bone marrow tissue as a scaffold of support for the cortical tissue, as well as lack of standardized studies in this line of research, the aim of this study was to describe the main effects of local use of liquid nitrogen in an experimental model of rat femurs
Methods
The research protocol was submitted to the Ethics Committee in Animal Research at Federal University of Ceara, having been approved and licensed under the protocol 06/09 on 11/08/2006.
The study was an experimental longitudinal, in vivo, of analytical approach, with independent samples and animals were randomly divided between the groups. Were chosen by simple random selection, 45 Wistar rats, clinically healthy, young adults, males, with weights ranging from 390 -460g were kept in a animal colony under stable environmental conditions. The animals were randomly divided into two experimental groups and one control group, according to the standard application of liquid nitrogen or absence of. Was standardized as a group, the one where there were three cryogen applications for a minute, and second group where was applied three times, followed by two minutes each, using liquid nitrogen.
Each group was subjected to the experiment on a specific day. The animals were weighed and then was administered intraperitoneally tribromo-ethane 2.5% (0.1 ml / 100 g body mass). After skin incision on femoral region was held detachment of adherent tissue, until locating the coxal-femoral joint, then joint ligaments were disconnected and being positioned 3mm below the articular surface (craniocaudal direction) a spherical stainless steel surgical drill n˚02, long shaft, which was driven by an surgical electric motor in conjunction with copious saline 0.9% irrigation.
Then it was standardized for all animals, the site to contact of the tip of the cryostat, which was 1 cm (cranial-caudal) of the surgical defect previously manufactured to 0.2 mm in depth. Subsequently, it has emerged the contact surface of the catheter tip closed the cryostat, and has been the application of liquid nitrogen on site according to previously defined groups. with values to zero to three, with 0 = absent or scarce (up to 5% of the sample), one = mild (above 5% irrigation but less than 25%), two = moderate (25% irrigation above and below 75%) and three = intense severe (> 75%), being characterized by the intensity of the permeation of medullary tissue by lymphocytes, neutrophils plasma cells and macrophages.
Results

Control group
The animals not subjected to any experimental protocol, either the one minute or two minutes, were categorized as control group, resulting in four animals (for each week of sacrifice). The 
One-minute experimental group
In the first week, the medullary tissue showed to be intact, getting as histological grade of inflammation an average score of 0 (absent or scarce) in all samples representative of this group. Was observed a tissue without inflammation, and adipocyte progenitor cells scattered among the red blood cells and bone marrow stroma.
In the second experimental week were observed numerous adipocytes and with disproportionate sizes (Figure 2 ).
The histological degree of inflammation to this group obtained a mean score of one (mild), ranging from 0 (absent or scarce) and two (moderate). In the fourth week of observation the medullary tissue, presented to be altered, with large formation of adipocytes increased volume. There was also the material presence of osteoid (new bone) marrow dispersed in the matrix. The histological degree of inflammation to this group obtained a mean score of one (mild), ranging from 0 (absent or scarce) and one (mild).
At 12 weeks, the tissue presented to be altered, with the same pattern described in the previous group, being composed mainly of adipocytes of larger proportions, and extravasated red blood cells and other hematopoietic cells (Figure 3 ). The histological degree of inflammation to this group obtained a mean score of one (mild) with no variation. Table 1 shows the degree of medullar histological inflammation in the one-minute protocol. 
Two-minute experimental group
In the first week of evaluation, the medullary tissue In the twelfth week, the medullar tissue was also changed, with most of the analyzed area consists of loose connective tissue associated with the presence of many fat cells. In addition, extravasated red blood cells, congested blood vessels and mineralized bone were found ( Figure 5 ). The histological degree of inflammation to this group obtained a mean score of 1.5 (mild to moderate), ranging from one (mild) and two (moderate). Table   2 shows the degree of medullar histological inflammation in the two-minute protocol. The protocols were compared according to experimental weeks (Tables 3, 4 and 5). 
Discussion
Experimental studies in rat jaws described the major morphological responses to liquid nitrogen, when applied to bone, dividing them into three main phases 7 : necrotic, osteogenic and remodeling. The necrotic phase corresponded to the first step after criolesion, settling in a matter of days until about a week. In osteogenic phase, which became evident after several weeks of the application of the cryogen, the marrow spaces were repopulated from the periphery of the frozen area by fibrous connective tissue.
The stage of remodeling, last seen, followed by several months.
Bone marrow consists of a brown complex formed by various cell types that will coexist and interact in a synergistic way, as much of the haematopoietic system's own bone marrow stroma. After birth, it began production of blood cells at this site. The development of the bone marrow tissue occur in accordance with the colonization of blood precursors occupying the cavities of bone and cartilage, forming a close bond, and deep interdependence between these tissues 8 . Due to the presence of pluripotent mesenchymal cells inside, which will be available in medullary hematopoiesis, it can give rise to several other strains with different functions tissue formation according to the stimulus that has been submitted. Thus, by applying liquid nitrogen on the bone tissue, we defined three scores to quantify the severity of inflammatory process. Thus, we established that a score of 0 represents the absence or scarcity (up to 5%) of inflammation, represent a mild inflammation score (above 5% but less than 25%), the score was represented as two (moderate) (above 25%
and less than 75%), and score three (intense or severe degree) (above 75%).
In relation to one-minute protocol, there was a comparative study between the different weeks of sacrifice, has not been observed significant differences between groups, as well as between them and the control group (Table 1) . However, when doing the comparison between the groups in two-minutes protocol, including the control, it was observed that although the Kruksal-Wallis test has accused significant difference, in fact, only real difference was found between the group B (two, four and 12 weeks) and control, when using the post-hoc Dunn's test (Table 2) .
On the first week of the necrotic phase, we agree with the study by Emmings et al. 9 , that in addition to demonstrating complete necrosis of cortical bone in the first seven days, they found minimal infiltration of inflammatory cells and area of new bone formation in marrow cavity, as observed in our protocol of two minutes. However, the exuberant bone necrosis reported by these authors was probably due to the fact that they have adopted, also an application protocol with 15 minutes duration for each application.
Analyzing the second week trial, we observed inflammatory infiltrate ranging from mild (one-minute protocol)
to moderate (two-minutes protocol), with areas of new bone deposition, when the established protocol of two minutes. This phase was markedly found in osteogenic phase of mandibular bone marrow tissue of rabbits studied by mandibular Kuylenstierna et al. 10, 11 .
Four weeks after surgery, we found the deposition of osteoid material, and mild inflammatory infiltration (protocol of one minute) to moderate (protocol of two minutes) in the marrow cavity. This finding was consistent coma research by Keijser et al. 12 who analyzed the long bones of rabbits.
Interestingly, the marrow cavity, in the two-minutes protocol, showed a consistent pattern of fibro-adipose replacement, with the previously formed bone tissue is more compact and more differentiated osteocytes in the twelfth week trial, setting up a possible phase of bone remodeling. That finding was supported by Kuylenstierna et al. 10, 11 .
In this study we observed no pathological fracture, even in the group two weeks of both protocols, where was observed the peaks of medullar inflammation, and corroborated by other studies such as those made by Kuylenstierna et al. 10, 11 and Popken et al. 13 . 
Conclusion
The degree of inflammation of the bone marrow tissue was higher in protocol of three applications of two minutes compared to protocol of three applications of one minute.
